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SPECIFTra TT nN 
All Whom It May Concern: 

Be It Known That We, James c. Easley and stanley chang _ 
M.D., citizens of the Dnited states, residents of the cities of' 
St. Charles and Scarsdale, and Counties of St. Charles and 
Westchester, states of Missouri and New York, whose full post 
office addresses are 1418 St. Gregory Lane, St. Charles, Missouri 
63303, and 79 Greenadres Avenue, Scarsdale, New York 10583 
respectively, have invented certain new and useful improvements in 

LASE R DELIVERY SYSTEM WI THSOFT TIP 



The present invention relates to laser delivery system 
ana .ore particularly to such system use, in ophthalmic surgary 
and the like. 



It is known that lasers may be used in ophthalmic 
surgery. Typ ically, the ^ r ^ ^ ^ & ^ 

source (which is disposed at ^ ^ ^ 

through an optical f i ber cable (which can be ei g ht f eet or so in 
length, to the patient. Th e optical fiber cable terminates 
proximally in a laser connector (f or connection to the laser 
source, and terminates distally i„ a handpiece which is 
manipulated by the surgeon. 

Although such systems perform their desired function 
they could be improved. . xn our copending application, Ser. Ko 
0V7.a. 519 . fi i ed November Sf 199l> which ^ lncQrporated here ; n 

b V reference, we disclose a laser delivery system which includes 

a suction and reflux system integral with the h»n„ ■ 

y lcn the handpiece so that 

the suction could be delivered to the exact spot where necessarV 
■ and provides the sur g e on the ability to manipulate the suction ' 
«th the same hand with which he manipulates the laser. T his 
a»o„s the surgeon to use the other hand for illumination, which 
reguired at all times. As a result, the surgeon does not have 
to remove the laser probe and replace it with a suction probe 
when suction is desired. Thls replacement leads to additional 
t«e for the procedure and the possibility of additional trauma, 
aU of which is obviated by said laser delivery system 
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However, the laser delivery system can be further 
Improved. The eye is „ £ragile organ anfl oan be 

The probe, which ls inserted into the ^ ^ generally ^ ^ 
stainless steel. Thls is , of coursS/ , ^ ^.^ . f 

inadvertently brought into contact with various structures of the 
eye, such as the retina, could easily injure the eye. 
Summar y of the- Invent. n n 

Among the several objects and features of the present 
invention may be noted the provision of an improved laser 
delivery system which is especially suited for ophthalmic surgery 
or the like. 

Another object is the provision of such a system which 
Will protect the eye from accidental contact with the laser probe 
to reduce injury to the eye. 

A third object is the provision of such a' system which 
is reliable, yet relatively simple to manufacture. 

Other objects and features will be in p art apparent and 
in part pointed out hereinafter. 

Briefly, a laser delivery system of the present 
invention is especially suited for ophthalmic surgery and the 
liKe. Tha system includes a handpiece| a las£r conneotor _ ^ 

optical cable. The handpiece has a handpiece body and a hollow 
Probe of a size suitable for insertion into a human eye, which 
extends distally from the handpiece body. The laser connector i 
suitably adapted for connection to a laser source. The optical 
fxber (terminating proximally in the laser connector and 
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terminating distally in the handpiece) transmits laser light from 
a laser source to an eye to be treated. The optical fiber 
extends at least partially through the handpiece probe. The 
probe includes a relatively hard proximal portion and a soft tip 
at its distal end to protect the eye from inadvertent contact 
with the hard portion of the probe, which could damage structures 
within the eye. The soft tip is a tube, preferably made of 
silicone, which is frictionally held in place by a bushing. The 
silicone tube extends beyond the distal end of the hard proximal 
portion of the probe. The bushing extends distally a relatively 
short distance from the distal end of the hard portion of the 
probe to hold the silicone tip straight to prevent it from 
bending into the laser beam. 

The tube is made from constant diameter tubing having a 
diameter comparable to the outer diameter of the probe. it is 
inserted into the hard portion of the probe by inserting the 
bushing into the tube, inserting the tube and bushing a small 
distance into the hard portion of the probe, and then pushing the 
bushing into the hard portion of the probe, thereby extruding the 
tube proximally inside the hard portion of the probe. This 
creates a tight friction fit which holds the tube in place 
without the use of adhesive. 
Brief Description of the nr^in^ 

FIG > ^is' a side view, with parts broken away for 
clarity, of the laser delivery system of the present invention; 

FIG.^^ls an enlarged sectional view taken along line 
2-2 of FIG. 1; 
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FIC^is an enlarged sectional view of the distal end 
of a handpiece; 



FIG.^4<ls a further enlarged sectional view of the 
distal end of a probe of the handpiece taken along line 4—4 of 
FIG. 3; 



FIG.— 5-is an enlarged sectional view, similar to FIG. i, 
illustrating the handpiece of an alternative embodiment of the 
present invention; 

FIG^^i-rlT*further enlarged sectional view of the 
distal end of the handpiece of FIG. 5, taken along line 6—6; and 

FIG^^is-a sectional view, similar to FIG. 5, 
illustrating another embodiment of the present invention. 

Similar reference characters indicate similar parts 
throughout the several views of the drawings. 
Descriptio n o f the Preferred Embod i m^f- 

Turning to the drawings, a laser delivery system 11 of 
the present invention includes a handpiece 13, a laser connector 
15, and an optical fiber cable 17. Handpiece 13 has a handpiece 
body 18 made up of a handpiece proximal end portion 19, a 
handpiece distal end portion 21, and a reflux sleeve 23. A 
hollow probe 25 of a size suitable for insertion into a human eye 
extends distally from the handpiece body. Probe 2 5 preferably 
includes a metal tube or probe needle approximately one and 
three-quarters inches long which is suitably secured in the 
distal end of the handpiece body with approximately 1.38 inches 
of the tube exposed distally from the handpiece body. The outer 
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diameter of the metal tube is, for example, approximately 0.03 55 
inch, and its inner diameter is approximately 0,030 inch. These 
dimensions are illustrative of those for a tip suitable for 
insertion in the human eye. 

Laser connector 15 may be of any desired construction 
suitable for connection to a laser source (not shown) . The 
construction shown is illustrative only. 

As can be readily seen in Fig. 1, optical fiber cable 17 
terminates proximally in laser connector 15 in such a manner that 
it is exposed to the laser light from the laser source. The 
optical cable extends for any desired length (such an eight feet 
or so) and terminates distally in the probe 25 of handpiece 13. 
Optical fiber cable 17 thereby forms an optical path for the 
laser light from the laser source to an eye being treated. 

Also shown in Fig. 1 is a clamp 29 having jaws 29A used 
to removably secure cable 17 to any appropriate structure to hold 
the cable in place without significantly restricting movement of 
the handpiece by the surgeon. 

Turning to Fig. 2, there is shown on a greatly enlarged 
scale the relationship between optical cable 17 and probe 25. 
The portion of optical cable 17 which is disposed in probe 25, 
namely an unsheathed optical fiber 17A, has an outer diameter of 
approximately 0.013", for example, while the inner diameter of 
the tip is approximately 0.020." This difference in diameter 
leaves a gap 31 disposed between the optical fiber and the tip. 
This gap runs the entire length of the tip and forms a fluid path 



1814U/ s t L464 4 



- 7 - 



from the distal end of probe 25 to the interior of the handpiece 
body. 

Note that if the optical fiber were secured to probe 2 5 
by adhesive (as has been done previously) , the adhesive would 
tend to block off gap 31. To prevent this, the optical fiber is 
not secured directly to probe 25 at all. Instead it is 
suitably secured to proximal end portion 19 of the handpiece 
body. Note as well that, although the optical fiber 17 is shown 
centered in probe 25 in Fig. 2, the fiber can in fact be 
off-center in the tip without closing off gap 31. 

The fluid path formed by gap 31 is in fluid 
communication with a cavity 33 (Fig. 1) in handpiece distal end 
21. Cavity 33, in turn, is connected to a source of suction, as 
set forth in our above noted application. This allows fluid and 
other material to be withdrawn through the gap. Significantly, 
the distal end of this fluid path is disposed immediately 
adjacent the spot where the laser light exits the probe, so that 
removal of fluid from the operative site takes place almost 
exactly where needed. 

The distal end 41 (see Figs. 3 and 4) of probe 25 is 
provided with a tip 43 made of a soft pliable material, 
preferably silicone. This soft tip serves as a buffer between 
the structures of the eye and the metal portion of probe 2 5 
(labelled 25A in Fig. 4), to prevent accidental injury to the eye 
structure caused by contact of the eye structure with the metal 
portion 25A of the probe. The tip 43 is made from a tube of 
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silicone 45 (Figs. 2 and 4) which is received within the probe 
metal portion 25A. Tube 45 is not fixed by adhesive in probe 
portion 25A. Such adhesive may block or reduce the size of the 
gap 31 and hence interfere with the suction. Rather, tube 45 is 
frictionally held in place by a bushing 47 (Figs. 2 and 4). Tube 
45 extends over bushing 47 and the bushing and tube are received 
within metal portion 25A of probe 25. Tip 43 extends beyond the 
distal end of the metal portion of probe 25 by approximately 
0.040--0.050". Tip 43 is pliable and flexible and is thus 
bendable. it may thus bend to a point where it would interfere 
with the laser beam. Bushing 47 extends beyond the metal portion 
of probe 25 by approximately 0.020" to add sufficient rigidity to 
tip- 43 to prevent it from bending to a point where it would 
interfere with the laser beam. 

Soft tubing 45 is preferably 0.037" in outer diameter. 
This is approximately equal to the outer diameter of probe metal 
portion 25A and is greater than the 0.030" inner diameter of the 
metal needle portion 25A of the probe (and also greater than the 
1 .020" inner diameter of bushing 47). To affix tube 45 within 
prbbe metal portion 25A, the bushing 47 is inserted within an 
elongate silicone tube having substantially constant inner and 
outer diameters. The tube is then scored with four 45' scores or 
two 90 • scores spaced evenly around the tube approximately 0.025" 
past the end of the bushing. The tube is thus scored for a total 
of about 180". Because the tube is pliable and deformable, it 
can be passed through the metal portion 25A of the probe until it 
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extends out the back of the probe. In this manner, the tube is 
pulled into the metal portion 25A of the probe until the bushing 
is brought a short distance into metal portion 25A. A pull on 
the tube from the proximal end of the probe breaks the tube along 
the score lines and the excess is pulled from probe 25. The 
bushing is then pushed into the metal portion 2 5A of the probe, 
from the distal end of the probe, until it is inserted into the 
probe a desired amount. 

At the time when the tube is severed along the score 
line, the tube, like the bushing 47, is only inserted into the 
metal portion 25A of the probe a short distance. By pushing the 
bushing into the metal portion 25A of the probe to the position 
shown in Fig. 4, the bushing extrudes the tube proximally along 
the interior of the metal portion 25A. Thus, although the tube 
4 5 extends for between 0.15" - 0.20" from end to end when 
completed, only approximately 0.065" of tubing is used to produce 
the tip. By extruding the tube 45, a very tight frictional fit 
is produced which holds the tube in place without the use of 
adhesive. 

Turning to Figs. 5 and 6, a second embodiment of the 
present invention differs from the previous embodiment in that 
the distal end of the probe (labelled 2 5A) is curved. This 
enables the surgeon to access parts of the posterior segment (the 
interior of the eye behind the lens) that a straight probe cannot 
reach. Except for the curve on the end, the curved and straight 
probes are identical. The distal end of the probe is curved to 
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form an angle (such as the 40 degree angle shown in Fig. 5) with 
respect to the longitudinal axis of the probe and handpiece. The 
probe is preferably bent starting proximal to the soft tip 43 
itself (as" best seen in Fig. 6) . Alternatively, the bend could 
start at the tip itself, but that would complicate the bending 
process, and would not significantly improve the useability of 
the device by the surgeon. Although the particular radius of the 
curved portion of the tip can vary, depending upon the desired 
application, a radius of approximately 1/4" was used in the 
device of Figs. 5 and 6. 

Turning to Fig. 7, yet another embodiment of the 
handpiece is shown. This handpiece, labelled 13A, differs from 
that of Fig. 5 mainly in that the distal portion 21A of the 
handpiece does not include the reflux capability of the 
handpieces of Figs. 1, and 5. It has no provision for passive 
aspiration. 

Typically, port 51 of the handpiece is connected to a 
syringe or a typical surgery machine that can supply suction for 
active aspiration. Handpiece 13A can function well without 
reflux because of the soft tip 43 and the type of suction used. 
For example, if the surgeon uses passive aspiration with the 
device of Fig. i, it is possible for a membrane or part of the 
retina to be caught on the probe tip. Because fragile tissue 
caught in the hard tip of Fig. 1 will probably tear if the 
surgeon tries to pull the probe away, the reflux capability of 
the probe of Fig. 1 allows the surgeon to reflux the captured 
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material back into the eye without damage to these fragile 



tissues , 



When the surgeon uses passive aspiration with a probe 
having soft tip 43, it is doubtful whether any tissues caught in 
the tip would tear when the surgeon would try to pull the tip 
away. In that case the reflux capability of the probes shown in 
Figs. 1 and 5 is not necessary. If the surgeon uses active 
aspiration with a probe having soft tip 43, the soft tip again 
reduces the possibility of tearing as the probe is pulled away. 
In any event, however, with active aspiration the aspiration or 
suction source may be used to provide reflux without the separate 
reflux structure shown in Figs. 1 and 5. For these applications, 
the handpiece of Fig. 7 without the' separate reflux structure 
works well, is simpler to. make, and is relatively less expensive 
than the embodiments of Figs, l and 5. 

In view of the above it will be seen that the various 
objects and features of the above described invention are 
achieved and other advantageous results obtained. The 
description and drawings of the present invention contained 
herein are illustrative only and are not to be interpreted in a 
limiting sense. 
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